
Engineering Design File 

Document ID: EDF-ER-323 
Revision ID: 0 
Effective Date: 11/30/01 

Evaporation Pond Berm Overtopping 
Analysis (60% Design Component) 

Form 412.14 
Q7l2412OOl 
Rev. 03 



431.02 
06/20/2001 
Rev. 09 

ENGINEERING DESIGN FILE EDF- ER-323 
Rev. No. 0 

Page 1 of 1 

I. Title: Evaporation Pond Berm Overtopping Analysis (60% Design Component) 
2. Project File No.: NA 
3. Site Area and Building No.: ICDF 4. SSC Identification/Equipment Tag No.: 
5. Summary: 

This engineering design file presents a berm overtopping analysis from wind setup and wave runup 
for the East and West Evaporation Ponds of the INEEL CERCLA Disposal Facility. 

5. Review (R) and Approval (A) and Acceptance (AC) Signatures: 

T. Borschel. MS 3930 
3. Records Management Uniform File Code (UFC): 

Disposition Authority: Retention Period: 
EDF pertains to NRC licensed facility or INEEL SNF program?: 0 Yes q No 

3. Registered Professional Engineer’s Stamp (if required) 



ABSTRACT 

This engineering design file contains the INEEL CERCLA Disposal 
Facility engineering calculation for Berm Overtopping Analysis from Wind 
Setup and Wave Runup. 

This analysis discusses the procedures and findings for the analysis of 
wind setup, wave generation, and wave runup in the East and West Evaporation 
Ponds of the INEEL CERCLA Disposal Facility at the Idaho National 
Engineering and Environmental Laboratory in southern Idaho. 
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Evaporation Pond Berm Overtopping Analysis 

1. BERM OVERTOPPING ANALYSIS FROM WIND SETUP AND 
WAVE RUNUP 

This section discusses the procedures and findings for the analysis of wind setup, wave generation, 
and wave runup in the East and West Evaporation Ponds of the INEEL CERCLA Disposal Facility 
(ICDF) in southern Idaho. As both ponds are of equal dimension and water depth, analysis was only 
performed for the West Evaporation Pond. 

1.1 Analysis of Wind and Wind Setup, Waves, and Wave Runup 

Analysis for setup (e.g., change in water surface elevation due to wind stress), wave height and 
period, and wave runup height was performed to determine the total wave runup elevation reached by the 
waves surging up the berm slope. 

1.1.1 Wind 

A 70-mph design wind speed was provided by others. The tables in Appendix A, taken from the 
INEEL Climatology Report (DOE-ID 1989) show the average monthly and annual wind speeds and peak 
wind gusts. These data were examined to determine whether the 70-mph value was representative of high 
wind speeds at the site. Wind observations recorded at the site from April 1950 through October 1983 are 
reported. Annual maximum sustained wind speeds for each year of observation were not available from 
the information provided, so return-period wind speeds could not be calculated. 

The two highest hourly average speeds from 1950 to 1983 were southwest (SW) 52 mph and west- 
southwest (WSW) 67 mph. The ponds are oriented such that the longest fetch is north-south. Thus, the 
67-mph WSW wind would be blowing over a much shorter fetch than would the 52-mph SW wind. It is 
reasonable to assume that an S 70-mph wind could occur and blow along the maximum fetch. Fetches are 
short (3 16 ft for 4-ft design water depth), and waves would reach their maximum development in less 
than 30 minutes, based on wave development calculations. 

More recent wind data is available for the Idaho National Engineering and Environmental 
Laboratory (INEEL) through the National Oceanic and Atmospheric Administration (NOAA) on the 
website at http://www.NOAA.gov/. A review of the most recent information (through August 200 1) 
indicates that the latest data is consistent with the data in the INEEL Climatology Report and does not 
show outliers from previously reviewed data. This review confirms that the design wind speeds evaluated 
in this engineering design file extend well beyond the range of anticipated sustained wind speeds at the 
site. 

1.1.2 Waves 

The Coastal Engineering Design and Analysis (CEDAS) software package from Veri-Tech, Inc. 
was used for the analysis of shallow water waves. CEDAS uses the U.S. Army Corps of Engineers (COE) 
Automated Coastal Engineering System (ACES) program “Windspeed Adjustment and Wave Growth.” 

Wave analysis used shallow-water computational methods for estimating the spectral energy-based 
non-breaking significant wave height, H,, and peak spectral period T,. For all practical purposes, 
H,, =H,, which is the more familiar significant wave height, given the average height of the highest 33% 
of the waves in a wave train. Hereinafter, H, will be used for significant wave height. 
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Development of waves depends on wind speed and duration, length of fetch, stability of the air 
relative to the water, and depth of water. The shallow-water wave equations assume a constant water 
depth and take into account the effects of bottom friction and percolation that reduce wave generation. 
Notably, the effect of pond depth on wave height generation is relatively small, as illustrated in sensitivity 
analyses discussed later in this engineering design file. For the shallow-water method, there is no 
provision for wind duration, so H, is the largest significant wave height that can be generated by the given 
wind speed. The program adjusts wind speed for the height of measurement above the water’s surface, as 
well as the location of the measurements relative to the body of water. A sample printout from ACES is 
included as Appendix B. Leenknecht, et al. (1992) provides a detailed discussion of the algorithms used 
by ACES. 

The shallow water and the high wind speeds involved made it necessary to reduce most of the wave 
heights from CEDAS results because of the limits imposed for wave steepness (ratio of wave height to 
wavelength). Linear wave theory, in which the maximum value of wave height to wavelength is l/7 = 
0.143, was used. For waves having a higher ratio than this, the waves would break before reaching the 
predicted wave height. 

1.1.3 Wave Runup on the North Berm 

Wave runup on the berm face was estimated with the use of CEDAS “Wave Runup and 
Overtopping on Impermeable Structures.” H, and T, from the results of the wave analysis above were 
used as input, and a sample printout is included as Appendix C. 

Wave runup was determined for a smooth berm face with a slope of lV:3H. The height of wave 
runup is measured vertically from the elevation of the water surface at the face of the berm. Runup height 
was added to the stillwater elevation plus wind setup height to determine the elevation of the wave runup. 

1.1.4 Wind Setup 

Wind blowing across a body of water confined by a fixed boundary will change the elevation of the 
water surface, provided the wind is strong enough. In the case of the West (and East) Evaporation Ponds, 
a simplified approach was taken that was based on procedures in Wiegel(1964) and Ippen (1966) which 
lend themselves to relatively uncomplicated basin geometries. 

The shear stress on the water surface is related to the wind speed. The water piles up at the 
downwind side of the basin and the water elevation decreases at the upwind end of the basin. The basins 
meet the classification of an “Enclosed Lake” for the computation of wind setup. For simplification, it 
was assumed that the basins have a flat bottom and an average constant stillwater depth throughout the 
basin for a given water level. The tables in Wiegel (1964) were entered using Equation (1): 

KUo2F/(gd2) and x/F (1) 

Where: 

Dimensionless coefficient = K = 3.3 x 10” 

U, = wind speed (ft/sec) 

F = fetch length (ft) 

g = 32.2 ft/sec2 



d = water depth (ft) 

x = distance from start of fetch to point of interest (ft). 

For the basins, the point of interest was x/F = 1 .O, which is the downwind limit of the fetch. The 
tables in Wiegel (1964) provided estimates of wind setup distance above stillwater in terms of h/d, where 
h is the distance from stillwater to the raised water surface. At x/F = 0 at the start of the fetch, there is a 
setdown in the water surface, and h/d at that point is negative. A spreadsheet was developed to calculate 
the two parameters for entering the tables, and tabular values were entered on the spreadsheet (presented 
in Appendix D). For parameters of KUo2F/(gd2) cO.201, a regression curve for values of h/d based on the 
tables was determined and used for calculation of h/d outside of the range of the tables. Wind setup was 
calculated for the cases shown in Appendix D. Sensitivity computations were made for various wind 
speeds from 70 mph to 200 mph for water depths of 2, 3,4, and 5 ft. 

1.2 Results of Computations 

As presented in Appendix E, runup elevations were determined for 70- to 200-mph winds and 
waves for water depth = 4 ft and 70 to 100 mph for water depth = 5 ft. A water depth of 4 ft is based on 
the highest water level determined from evaporation pond sizing calculations (DOE-ID 200 1) and results 
in a stillwater depth elevation of 4928.0. The water depth of 5 ft is representative of the 2-ft freeboard 
depth below the pond crest elevation and results in a stillwater depth elevation of 4929.0. It was not 
necessary to calculate runup elevations for the 2- and 3-ft water depths, as the runup elevations would be 
well below the berm crest. 

1.3 Conclusions 

The runup elevation for the 70-mph design wind and maximum design water depth of 4 ft is 
4928.7 ft, which corresponds to a runup of 8 in. above pond stillwater elevation. This is 2.3 ft below the 
crest of the berm (elevation 493 1 ft). It is estimated that a sustained wind in excess of 200 mph would be 
required to create runup elevations reaching the berm crest elevation of 493 1 .O. At 200 mph, the runup 
elevation is estimated at 4930.0, or 1 ft below the berm crest elevation. The most reasonable conclusion is 
that the wave runup will not overtop the crest of the berm under any conceivable wind speed at the project 
site. Therefore, the 2 ft of freeboard required by the regulations is adequate to prevent overtopping. 
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Project: INEEL POND, IDAHO 
Group: INNELwaves 

E! of Observed Wind (Zobs) 

Observed Wind Speed (Uobs) 

Air !3ea Temp. Diff. (cIT) 
Dur of Observed Wind {DurO) 

DUF of Final Wind (DurF) 

Lat. of Observation (LAT) 

Results 

Case: N-I 8070d4 

Windsy;eed Adjustment and Wave Growth 

Wind Fetch Length (F) 
Avg Fetch Depth (d) 

Eq Neutral Wind Speed (Ue) 

Adjusted Wind Speed (Ua) 

Wave Height (Hmo) 

Wave Perfad (Tp) 

33.00 feet 

70.00 mph 

0.00 deg C 

1.00 hours 

1.00 hours 

0.00 deg 

wave Growth: Shallow 

I1 
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APPENDIX D . ___---- -- 
INEEL CERCLA DISPOSAL FACILITY, IDAHO ---____ 
WIND SETUP FOR EVAPORATION POND .-___ 
---A-- I!R!-ip I 

I--mpT: --; Prepared by Ken Lil lyICH2M HILL 1(23 JULY 2,001) / I 

k = Wind Stress Coefficient = 0.0000033 _-- - _~- - -- -~~ ----- _ 

I- -------‘---- ’ I 
NOTE 1: When A = 1.125, the water surface is at ground 
based on Table 12.4 above ----ry--1-- --- r 
kUt2F/gd;2 >I= 0.207 {ALi X/F, I,‘se Table 112.3 or 12.4,from Wefgel (1964)) 

---I - --- 
~~- I -I ____. -I _-. - I ~~~ ~._ -Ippp 

NOTE 2: Use the following relationships when X/F = 0 or 1 .O and A<0.201: 
X is the horizontal distance from the upwind limit of the fetch, F. 
kUA2FlgdA2 <0.201 (X/F = 0: hld = -0.5491”kUA2F/gdA2 + 0.0061) and {X/F = 1.0: hid = 0.4642’kUA2F/gdA2 + 0.0042) - ---- i- ~ 

I  I  I  

N (DESIGN) is the design caseforS&rth/70-mph wind and water depth of 4.0 ft, based oninformationfromike Reimbold/SEA 20 JULY 2001. 
The remaining cases are for various depths and wind speeds to demonstrate sensitivity of the m:thodology. / 

I I 
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Runup Elevations 
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APPENDIX E 1 I i 
INEEL CERCLA DISPOSAL FACILITY, IDAHO 
RUNUP ELEVATIONS ON NbRTH BERM OF EVAPORATION POND - SMOOTH SLOPES 

’ I I 1 
Preparedby:Keniy/CH2M HILL (24 JULY 2001) 

I I I I 

----r-1 
1 

I I I I I i& /- 

Coastal Engineering Design and 
r/--- 1 I 

H = Wa;eheight. 
I I I ---I -.-_1- 

CEDAS program Win&peed Adjustment and Wave Growth was used to compute wave heights and periods for shallow water. 

L TABLE 1 - SETUP AND RUNUP FOR NORTH BERM OF EVAPORATION POND 

I 
1-1 I 

--- - -+1----i 
I 
I 

I 
1 

I 
I 

I 
I 

I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

---p/p_I 

i I 

STILLWATER WATER ELEV. AT SMOOTH SLOPE 
AVG. BASIN ELEV. BERM WAVE WAVE WAVE ELEV (SWL) WIND SETUP TOE OF BERM 

WTNDw WIND SPD DEPTH(d) TOE (B) FETCH CLASS H PERIOD SWL = d + B  HEIGHT (h) Z=SWL+h 
BASIN BERM (Deg. True) O-vW ( w (W (4 m  (=c) (ft) (ft) 

180 70 4.0 4924.0 316 Hmax 0.72 1.00 4928.0 0.06 4928.06 0.64 4928.7 - 
180 80 4.0 4924.0 316 Hmax 0.81 1.06 4928.0 0.07 4928.07 0.72 4928.8 

_~ 180 90 4.0 4924.0 316 Hmax 0.91 1.12 4928.0 0.08 4928.08 0.81 4928.9 
POND N 180 100 4.0 4924.0 316 Hmax 1 .Ol 1.18 4928.0 0.10 4928.10 0.90 4929.0 
POND N 180 150 4.0 4924.0 316 Hmax 1.43 1.42 4928.0 0.20 4928.20 1.28 4929.5 
POND NW- 180 200 4.0 4924.0 316 Hmax 1.81 1.63 4928.0 0.34 4928.34 1.66 4930.0 
POND N 180 70 5.0 4924.0 322 Hmax 0.74 1 .Ol 4929.0 0.05 4929.05 0.66 4929.7 

- POND N 180 80 5.0 4924.0 322 Hmax 0.83 1.07 4929.0 0.06 4929.06 0.74 4929.8 
POND N 180 90 5.0 4924.0 322 Hmax 0.92 1.13 4929.0 0.07 4929.07 0.82 4929.9 
POND N 180 100 5.0 4924.0 322 Hmax 1.02 1.19 4929.0 0.09 4929.09 0.91 4930.0 


